Abstract. The article presents the general problem of sustainable development of construction in Poland. The principles of photovoltaic cell operation are discussed depending on the type of panels used. The issue of efficiency is presented on the example of a single cell. The article presents currently available photovoltaic systems, their construction and ways of connecting solar modules. The aim of the study is to analyse the profitability of a photovoltaic installation for individual energy consumers on the example of a household located in an energy district in central Poland. In addition, boundary conditions justifying the economic basis for the construction of photovoltaic power plants producing energy for the own needs of customers have been specified. As a research method, a standard cash flow model was adopted for an investment project consisting in the construction of a photovoltaic installation. The revenues are avoided costs of purchase and distribution of electricity through the production of electricity from PV for the own needs of consumers.
Introduction
The technology is currently developing dynamically; it affects all aspects of human life and the efficiency of using renewable energy sources. For many years solar radiation has been one of the most common factors used to produce energy. In Poland, there is a decline in investments in wind farms, which is a consequence of the law introduced on 16 July 2016 in this respect, investors associated with the renewable energy industry are increasingly willing to transfer their capital into photovoltaic projects [1] [2] [3] [4] .
At the end of 2017, the photovoltaic potential in Poland is more than 480 photovoltaic installations with a total power capacity of over 107 MW, licensed by the Energy Regulatory Office and 28,500 prosumer microfilm installations with a power capacity up to 40 kW, whose total installed power capacity was 182.5 MW. Almost all micro-installations in Poland are photovoltaic installations [1] [2] [3] [4] . 
Description of the construction of a typical solar photovoltaic installation
The micro-installation in accordance with the Polish law of 20 February 2015 is a renewable energy installation with a total installed electrical power of no more than 40 kW, connected to the power grid with a rated voltage of less than 110 kV. The prosumer according to the Polish law of June 22, 2016 is the final consumer purchasing electricity on the basis of a complex contract, producing electricity only from renewable energy sources in micro-installations for its own consumption, not related to the business [1] [2] [3] [4] .
A typical photovoltaic micro-installation in Poland is made of photovoltaic panels. Almost all micro-installations in Poland are photovoltaic installations. Photovoltaic panels are made of individual photovoltaic cells, which generate electrical voltage when exposed to solar radiation. Individual photovoltaic cells are usually made of selenium, silicon, germanium, which are semiconductor materials. Currently, three generations of photovoltaic cells are available, differing in their structure, materials they are made of and efficiency. [year]
Photovoltaic installations with the license of the ERO
Photovoltaic prosumer microinstallations
A typical solar micro-installation installation in Poland is constructed from a single module or several photovoltaic modules connected to each other. The modules are connected in series, creating a "string", which increases the sumeric voltage. To obtain a high value of the output current, individual string should be connected in parallel to form a solar array. Power conditions output of individual solar modules does exceed 250 Wppeak power watts. Watt Peak power is the power supplied by the modules at an irradiance instead of 1000 W/m 2 and the module temperature of 25°C. In practice, photovoltaic cells, for the most part of their operational life, work in varying atmospheric conditions, and variable solar power, which affects more than the theoretical production of electricity. It affects the production of electric energy, the reflection's angle of solar radiation and the drop in voltage on the wires in the inverter and other elements of the installation. Total losses in the production of electricity in photovoltaic micro-installations in relation to power conditions declined as 250 Wp -is around 25%. A higher temperature than the optimal temperature (25°C) reduces the conversion efficiency. This reduction depends directly on the type of material used for the PV cells production. It is estimated that excessive heating of PV cells in micro-installations may lead to a decrease in efficiency of panels by 0.5% / 1°C. The importance of achieving optimum efficiency of energy generation in solar installations of the prosumer has their correct location. Orient PV module towards the Sun. Figure 2 shows the areas of insolation in Poland [1] [2] [3] [4] [5] [6] . Figure 3 shows a construction of a typical photovoltaic micro-installation in Poland. 
The efficiency of an individual photovoltaic cell
Photon energy can be expressed by the formula:
(1)
The wave with the length λ, moving with the speed has the frequency expressed by the dependence:
The energy of solar radiation can be described by the dependence:
Designations for designs (1-3):
Photocell efficiency can be expressed by the formula:
where:
The characteristic fill rate is the ratio of the current determined to the area under the characteristic of the device and is determined with the formula:
Using the above formulas, it is possible to calculate the efficiency of the example photocell LG270S1C-A3, with an area of 12.5×12.5 cm. Figure 4 shows the characteristic card of an example photovoltaic cell [7] [8] . Efficiency of the example photocell LG270S1C-A3, in the assumed operating conditions, a value of 15.83%.
Analysis of the profitability of photovoltaic micro-installations
The investment in the photovoltaic micro-installations may bring many benefits to the environment, and contribute to reducing the emission of harmful gases to the atmosphere and to the sustainable development of the economy. The economic profit of this type of investment depends on many factors. The investor wants a situation where the energy produced for its own needs, including investment and operational costs, is not more expensive than the energy bought from the energy distributor, and all produced electricity is consumed for the investor's own needs [9] [10] [11] .
The analysis of the economic profitability of the photovoltaic micro-installation was made with the assumptions of the cash flow model for the classical investment project for the existing micro-installation, located on a single-family building located in the vicinity of the city of Bełchatów, in Poland [9] [10] [11] .
Assumptions for analysis
An investment in a photovoltaic micro-installation is an investment in a fixed asset that brings revenues to the investor throughout the investment period of 25 years.
he analysis assumes: • revenues are avoided gross costs of network charges, costs of electricity, which has been replaced by energy produced in the plumbing micro-installation, • avoiding 23% VAT on consumed electricity, • no costs due to the registration of the photovoltaic installation to the ERO due to the lack of a license for 40 kV pro-ecological micro-installations,
• investment costs of CAPEX (capital expenditures) as gross costs.
Current costs of the solar micro-installation: • a micro-installation is maintenance-free, while the investor pays only the costs of cleaning solar panels, which amount to 0.5% CAPEX (O&M costs), • insurance -0.5% CAPEX, • the investor is also the owner of the property on which the micro-installation is located, does not bear the costs of renting the roof and property tax, • currently the manufacturer's warranty for inverters is for a period of 10 years, therefore it is necessary to replace this device after 10 years, the current technological development in the photovoltaic industry, allows the assumption that the purchased new inverter will have a 15-year warranty. The macroeconomic assumptions, the duration of the investment from 2017 to 2042, include:
• inflation, • exchange rate, • increase in electricity prices and distribution.
The values of individual macroeconomic assumptions are summarized in Table 2 . Investment assumptions on the example of existing micro-installation commissioned in November 2016:
• CAPEX investment costs of PLN 25,000 gross (EUR 6,250) for a 4 kW microinstallation. The CAPEX component costs include: photovoltaic panels, inverter, DC and AC cables, design, construction, DC and AC protection switchgear, reconciliations, • location of the analysed micro-institution -around the city of Bełchatów, Poland, 
Results
The analysis is based on data read from the measuring devices of the photovoltaic microinstallation. Figure 5 shows the daily electricity production diagrams on 30.07.2017. The graph in Figure 5 shows that a significant value of electricity production (over 1kW) starts from 8.40 and lasts until 18.20. The maximum value of electricity production is at 3:00 PM and amounts to 3.1 kW.
In the summer months in Poland, the production of energy in micro-installations is the largest. In 2017, the most energy in this micro-installation was produced in July. Figure 6 shows energy production divided into days. Figure 7 presents the production of electricity in micro-installation in 2017, divided into individual months. The total energy produced in the tested pro-solar micro-installation is 3,206.96 kWh, the energy consumed amounts to 3,121.08 kWh. In months such as: January, February, September, October, November, December, the energy consumption of the household exceeded the amount of energy produced. The distributor of energy in the region in which the prospective photovoltaic micro-installation is located allows the payment for energy in two 6-month periods. The first accounting period is from January 1st to June 30th, and the second accounting period is from July 1st to December 31st. In the first settlement period, the investor produced 1,641.39 kWh (including multiplying cumulated energy by 0.8 set by the legislator) and consumed 1,504.19 kWh. In the first settlement period, the investor incurred only fixed and distribution fees, and to the next accounting period brought an energy allowance in the amount of 137.2 kWh.
The investor in the second trading period produced 905.92 kWh (including multiplying cumulated energy by 0.8 set by the legislator) and used 1,616.89 kWh, taking into account the energy allowance from the first settlement period, the investor had to pay for 573.77 kWh of energy and pay the cost of fixed and distribution fees. 
Cost-effectiveness analysis
In the Table 3 is analysis of the profitability of a photovoltaic micro-installation. 
Conclusions
For the tested solar installation, total revenue in assumed the exploitation period will amount to PLN 74,403. The reimbursement of costs incurred for the investment, taking into account the assumed costs as well as the fixed and operational fees, will take place approximately 12 years after commissioning the installation what is presented in Fig. 8 . Photovoltaic micro-installations can already be profitable in Poland without a subsidy system. The rapid development of this technology allows us to claim that with the passage of time, the period of return of investment costs incurred will be shortened.
To determine the profitability of using photovoltaic micro-installations, it is necessary to know the prosumers long-term sun exposure in a given area. Insolation for Poland is on average 1 600 hours/year. It is forecasted that in Poland, the number of sunny days, together with global climate change, will increase it up to 2 000 hours/year, which will significantly affect the cost-effectiveness of photovoltaic installations.
